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ABSTRACT 


A  lethal  effect  of  glucose  on  aerated  virulent  (but  not 
avlrulent)  cultures  of  Pasteurella  pestle  at  37  C  observed  by 
Wessaan  at  el.  in  1958  prompted  further  studies  Into  the 
patterns  of  cacldatlve  metabolism  of  the  virulent  Alexander  strain 
at  37  and  26  C.  Bacterial  respiration  was  markedly  stimulated 
by  glucose;  this  omy  be  associated  under  certain  conditions  with 
the  previously  demonstrated  taalc  effect  of  glucose.  The  inability 
of  the  pathogen  to  assimilate  substantial  quantities  of  cellular 
material,  as  well  as  its  fermentative  activity  under  aerobic 
conditions  nay  also  be  involved.  At  26  C  in  the  presence  of 
added  HH3,  P.  pestle  assimilates  as  ouch  glucose  as  at  37  C,  but 
releases  considerably  lass  lactic  acid  into  the  supernatant 
fluids.  The  data  are  also  consistent  with  the  idea  that  at 
least  a  portion  of  the  cellular  material  synthesized  during 
oxidative  assimilation  may  be  due  to  the  reincorporation  of 
endogenously  produced  asmxmia. 
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OXIDATIVE  ASSIMILATION  OF  GLUCOSE  BY  PASTEURELLA  PE ST IS* 


A  lethal  effect  of  glucose  on  aerated  virulent  cultures  of  Pasteurella 
psstls  at  37  C  was  observed  by  Wessman,  Miller,  and  Surge 11a.**  VW- 
posltlve  strains  respond  to  glucose  addition  to  synthetic  medium  by  dying, 
but  VW -negative  strains  multiply.  Although  several  possible  mechanise* 
were  suggested,  no  further  work  on  the  problem  was  pursued.  This  unique 
relationship  of  nutrition  to  virulence  pronpted  further  studies  into  the 
patterns  of  oxidative  metabolism  of  the  virulent  Alexander  strain  of 
nestis  at  37  and  26  C. 

The  organisms  were  grown  at  26  C  on  a  shaker  operating  at  approximately 
95  strokes  per  minute.  The  cells  were  washed  in  buffer  and  resuspended  to 
the  original  culture  concentration  in  either  synthetic  medium  or  buffer  in 
the  presence  or  absence  of  11  glucose.  Table  1  shows  the  oxygen  uptake  by 
waahed-call  suspensions  of  P.  pest is  at  37  C.  Glucose  markedly  stimulates 
respiration  of  the  virulent  strain  at  37  C  In  synthetic  medium.  The 
stimulation  is  more  than  additive,  in  that  respiration  is  greater  than  the 
cosfcined  activity  with  glucose  alone  and  with  medium  Slcme . 


TABLE  1.  OXYGEN  UPTAKE  BY  WASHED -CELL  SUSPENSIONS 
OF  PASTEURELLA  PESTIS&'  AT  37  C 


Oxygen  Uptake,  ul 

Time,  Endogenous  Buffer  Synthetic  Medium 

minutes  Buffer  +  Glucose  -  Glucose  +  Glucose 


30 

23.70 

104.78 

60.20 

257.30 

60 

38.34 

216.32 

120.40 

561.08 

90 

58.48 

317.72 

108.84 

934.58 

120 

66.36 

385.32 

209.84 

1223.42 

150 

82.16 

446.16 

247.68 

1532.52 

180 

93.22 

501.93 

287.24 

1811.06 

210 

104.28 

547.56 

319.92 

2070.02 

240 

121.66 

610.09 

364.64 

2244.32 

a.  Cells  were  resuspended  to  the  original  culture  concentra¬ 
tion  In  either  synthetic  medium  or  buffer  in  the  presence 
or  absence  of  IX  glucose.  Total  volume  of  reactants,  3  ml. 


*  This  report  should  not  be  used  as  a  literature  citation  in  material  to  ba 
published  in  the  open  literature.  Readers  Interested  in  referencing  the 
Information  contained  herein  should  contact  the  senior  author  to  ascertain 
when  and  where  it  may  appear  in  citable  form. 

*+  Wesaoan,  G.E.;  Miller,  D.J. ;  Surgalla,  M.J.  1958.  Toxic  effects  of 
glucose  on  virulent  Pasteurella  pestis  in  chemically  defined  media. 

J.  Bacteriol.  76:368-375. 
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Cbcygen  uptake  by  washed*cell  suspensions  at  26  C  is  shown  in  Table  2. 
T**»  *£  5-ys-n  uptiLc  at  the  Iswsr  tcu^raiure  in  the  presence  or 

glucose  appears  to  be  approximately  one  half  that  observed  at  37  C. 
However,  the  rate  of  oxygen  uptake  of  the  cells  suspended  In  synthetic 
Medium  is  essentially  identical  at  the  two  temperatures. 


TABLE  2. 


COCYGEN  UPTAKE  BY  WASHED -CELL  SUSPENSIONS 
Of  PASTEUKELLA  PESTIS&7  AT  26  C 


Tis*, 

minutes 

_ _ _  Oxygen  Uptake,  ul _ 

Endogenous 

Buffer 

Buffer 
+  Glucose 

Svnthetic  Medium 
-  Glucose  +  Glucose 

30 

10.20 

35.20 

53.34 

128.88 

60 

22.10 

81.24 

110.11 

293.56 

90 

27.20 

130.24 

161.59 

490.46 

120 

35.70 

164.44 

203.06 

646.19 

150 

45.90 

202.19 

247.39 

848.46 

180 

51.00 

230.19 

273.13 

1032.83 

210 

56.10 

265.39 

324.61 

1240.47 

240 

62.90 

303.89 

366.08 

1457.06 

a.  Cells  were  resuspended  to  the  original  culture  concentra¬ 
tion  in  either  synthetic  media  or  buffer  In  the  presence 
or  absence  of  IX  glucose.  Total  volume  of  reactants  3  ml. 


Respiratory  quotients  for  cells  suspended  in  buffer  and  synthetic 
medium  with  glucose  at  26  and  37  C  are  shown  in  Table  3.  The  unusually 
law  values  obtained  at  both  temperatures  where  glucose  was  the  substrate 
are  indicative  of  metabolic  complications.  The  shift  to  the  higher  values 
in  cells  respiring  In  synthetic  siedlum  may  indicate  either  a  change  In  the 
nature  of  the  cellular  materials  being  metabolised  or  the  added  ability  to 
matabollse  highly  cmldlsabie  materials  more  efficiently  in  the  presence  of 
the  components  of  the  medium. 

At  this  point  it  wee  felt  that  additional  studies  on  the  assimilatory 
behavior  of  the  organism  would  provide  additional  insight  into  the  previous 
findings.  After  23  hours  st  26  C,  the  cells  were  harvested  by  centrifuga¬ 
tion  in  the  cold,  washed  with  cold  0.04  M  phosphate  buffer  (pH  7.4),  end 
resuspended  to  ten  times  the  growth  concentration  according  to  the  procedure 
of  Duncan  and  Campbell.*  Kanometrlc  measurements  were  carried  out  with  two 
Warburg  baths  set  at  26  and  37  C.  Each  cup  contained  1  ml  of  cell  suspension 


*  Duncan,  M.G.;  Campbell,  J.J.R.  1962.  (bcldatlve  assimilation  of  glucose 
by  Pseudomonas  aeruginosa .  J.  Bacterlol.  84:784-792. 
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In  buffer.  Uniformly  labeled  glucose  C 14  was  diluted  with  nonradloactive 
glucose  solution  so  chat  5  pM  of  glucose  contained  4.7  x  10*3  pc  of 
uit  1  fsTwly  lube  led  gluCcsc  * 


TABLE  3 .  RESPIRATORY  QUOTIENTS  OF  PASTEURELIA  PESTIS^  AT  26  AND  37  C 


Time, 

min. 

Buffer  +  Glucose 

Synthetic  Medium  plus  Glucose 

37 

C 

26  C 

37 

C 

26  C 

Exp  1 

Exp  2 

Exp  1 

Exp  2 

Exp  1 

Exp  2 

Exp  1 

Exp  2 

30 

0.57 

0.42 

0.56 

0.82 

0.14 

0.46 

0.58 

0.38 

60 

.48 

,41 

.32 

.63 

0.70 

0.52 

.59 

.44 

90 

.55 

.55 

.29 

0.22 

0.71 

0.62 

.62 

.51 

120 

.50 

.40 

.38 

- 

0.78 

0.64 

.67 

.57 

150 

0.66 

.50 

.24 

- 

0.91 

0.66 

.71 

.61 

180 

- 

.38 

.43 

- 

1.0 

1.0 

.91 

.74 

210 

- 

.66 

0.32 

- 

1.2 

1.0 

.80 

.78 

240 

0.37 

“ 

** 

0.94 

1.1 

0.79 

0.82 

a.  Cells  were  resuspended  to  the  original  culture  concentration  in  either 
synthetic  medium  plus  1%  glucose  or  buffer  pits  1%  glucose.  Total 
volume  of  reactants,  3  ml. 


Glucose  uptake  curves  and  distribution  of  C1-^  and  oxygen  for  cell 
suspensions  at  26  and  37  C  are  shown  in  Figures  1  and  2. 

Although  oxygen  is  taken  up  by  the  cells  for  the  entire  2  hours,  the 
glucose  is  almost  entirely  depleted  after  30  minutes.  That  oxygen  uptake 
dees  occur  during  the  latter  part  of  the  experimental  period  indicates 
oxidation  of  some  other  compound  or  intermediate  that  had  been  secreted 
into  the  supernatant  fluid.  The  radioactivity  measurements  indicate  that 
the  cells  assimilate  only  about  10  to  16%  of  the  labeled  glucose.  These 
data  are  in  accord  with  Clifton's  finding*  of  the  asslmilatory  activities 
of  E.  coli  grown  on  medium  supplemented  with  1%  glucose. 

Additional  studies  were  undertaken  to  Identify  any  key  intermediate 
extracellular  products  that  might  have  accumulated  in  the  vessels  during 
the  oxidation  of  glucose. 

Routine  paper  chromatography  of  the  supernatant  fluids  was  carried 
out  by  several  solvent  systems.  Radioactive  areas  on  paper  chromatograms 
were  located  by  preparation  of  radioautographs.  On  radlochromatographic 
analysis  of  the  supernatant  fluids  at  26  C  and  37  C,  the  C1^  was  found  in 
a  single  spot,  which  was  identified  as  lactic  acid.  Alpha-ketoglutarate 
was  also  identified  by  chemical  assays  and  by  chromatography  of  the  2,4- 
dinitrophenylhydroxones . 


*  Clifton,  C.E.  1963.  Influence  of  growth  medium  on  asslmilatory 
activities  of  Escherichia  coli.  J.  Bacterlol.  85:1371-1377. 


FIGURE  1.  Uptake  of  Glucose  and  Oxygen  and  Distribution  of  C14  During 
Manometric  Experiments  with  Washed-Cell  Suspensions  of  Pasteurella  pestls 


O  Oxygen  uptake 
■  Oxygen  uptake  endogenously 
A  Disappearance  of  glucose 
9  Disappearance  o(  glucose  C  ' ‘ 
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FIGURE  2.  Uptake  of  Glucose  and  Oxygen  and  Distribution  of  C^*  During 
Manometric  Experiments  with  Washed  "Cell  Suspensions  of  Pasteurs  1I&  Rfi.5j 
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Duncan  arid  Campbell*  reported  chat  assimilation  of  glucose  by  Paaudnmnna* 
aeruginosa  depended  on  the  availability  of  endogenously  produced  ammonia,  and 
since  the  glucose  effect  occurs  in  a  nitrogen-rich  medium,  it  seemed  desir¬ 
able  tn  conduct  further  studies  or.  the  pattern  of  aasiuii«i.ion  in  the 
presence  of  added  ammonia. 

Figure  3  presents  graphically  the  cellular  uptake  of  radioactive  glucose 
and  production  of  lactate  and  a-ketoglutarate  in  the  presence  of  S  pM 
(NH4>2S04  at  37  C. 

The  oxidative  assimilation  of  glucose  was  stimulated  in  the  presence  of 
ammonia.  Practically  no  a-ketoglutarate  appeared  in  the  medium  in  the 
presence  of  ammonia,  although  a  considerable  amount  of  lactate  could  still 
be  measured.  Although  pestls  produces  ammonia  endogenously,  there  does 
not  appear  to  be  much  reincorporation  of  a-ketoglutarate,  as  in  the  case  of 
P.  aeruginosa. 

The  results  at  26  C  are  presented  in  Figure  4.  The  most  obvious 
difference  at  the  lower  temperature  is  the  diminution  of  extracellular 
acid  production.  The  total  amount  of  assimilated  in  the  cells  is 
identical  at  both  temperatures. 

Table  4  shows  the  fate  of  uniformly  labeled  glucose  added  to  resting 
cells  of  P.  peatis  in  Amine o-Dubnoff  shaker  Incubators.  The  products  of 
glucose  oxidation  are  distributed  in  all  the  fractions;  however,  most  of 
the  assimilated  material  was  found  in  the  cold  trichloroacetic  acid  (TCA) 
(transient  intermediates)  fraction  and  the  alcohol-soluble  fraction  of  the 
cells.  At  37  C,  addition  of  ammonia  stimulates  assimilation  of  glucose 
most  dramatically  in  the  protein  and  lipid  fractions;  at  26  C  there  is  a 
marked  stimulation  of  assimilation  into  all  fractions. 

In  summary,  this  work  shows  that  the  marked  stimulation  of  bacterial 
respiration  by  glucose  may  be  associated  under  certain  conditions  with  the 
previously  demonstrated  toxic  effect  of  glucose  on  VW-posltive  strains  of 
£.*  pestls .  The  inability  of  the  pathogen  to  aBsimilete  substantial 
quantities  of  cellular  material,  together  with  its  fermentative  activity 
under  aerobic  conditions,  may  also  be  Involved.  At  26  C  in  the  presence 
of  added  NH3,  P.  pestls  assimilates  as  much  glucose  as  at  37  C,  but 
releases  considerably  less  lactic  acid  into  the  supernatant  fluids.  The 
data  are  also  consistent  with  the  idea  that  at  least  a  portion  of  the 
cellular  material  synthesized  during  oxidative  assimilation  may  be  due 
to  the  reincorporation  of  endogenously  produced  ausnonia. 


*  Duncan,  M.G.;  Campbell,  J.J.R.  1962.  Oxidative  assimilation  of 
glucose  by  Pseud omonas  aeruginosa.  J.  Bacteriol.  84:784-792. 
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FIGURE  3.  Cellular  Uptake  of  Radioactive  Glucose  and  Production  of  lactate 
and  a-Ketoglutarate  at  37  C  in  the  Presence  and  Absence  of  5  pH 
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FIGURE  4.  Cellular  Uptake  of  Radioactive  Glucose  and  Production  of  lactate 
and  a-Ketoglutarate  at  26  C  In  the  Presence  and  Absence  of  5  iiM 


TABLE  4.  DISTRIBUTION  OF  C14  FROM  3  ne  OF  UNIFORMLY  LABELED  GLUCOSE  INTO  FRACTIONS 
OF  P.  PESTISp  AT  37  C  AND  26  C  IN  THE  PRESENCE  AND  ABSENCE 
OF  5  iiM  NH-5  ADDED  AS  (NHa)oSOa 


I  •  T3  9 
O  O  O 

4  4J 

u  m  *o 

5  8J8 


«  l 

AJ  *-*  B) 

§0  •  H 

•5  m  ja 

O  O)  3 
O  O  ^ 

H  U  O 

«<  w  to 


r4 

CM 

O 

CO 

SO 

r-S 

to 

CM 

to 

CO 

m 

© 

r4 

g 

CM 

o 

IM 

00 

m 

n 

•* 

•k 

•k 

* 

«k 

•k 

»n 

r^ 

m 

CO 

CM 

»-4 

oo 

O 

^4 

00 

r4 

C*l 

in 

00 

CM 

H 

00  VO  sf  O  00 

O'  sf  m  «  cn  m 
^  N  N  rJ  O 

*  A  A  •*  "k  m% 

cn  m  <n  os  co 


4) 

o 

O 

o 

© 

CM 

CM 

CM 

H 

CM 

CM 

CM 

O 

O' 

t-4 

m 

•O 

O 

CM 

as 

v0 

cn 

m 

O 

9 

•* 

•k 

* 

•» 

a 

•s 

*-4 

o 

sf 

«-4 

St 

Os 

CM 

sO 

m 

st  o  i-» 

O  ro 

f»  o  w 

n  n  ft, 

cm  m 


">  «=? 


00  00 
00  *n 


o 

o 

*o 

o 

CM 

CM 

o 

vD 

rv 

m 

m 

CM 

St 

00 

oo 

cn 

CM 

•t 

A 

A 

•s 

•s 

■k 

SO 

00 

cn 

m 

p-4 

»— 1 

CM 

O  ►H 

St 

o 

O' 

3 

o 

8 

o 

n- 

© 

H 

O 

m 

•S  *5 

o 

H 

•s 

n* 

CM 

m 

o  a 

•k 

•k 

•k 

-i 

A 

•k 

•k 

o  ^ 

sO 

00 

sO 

vO 

OO 

i— i  o 
«<  w 

CM 

CM 

cn 

H 

o 

CM 

o 

o 

CM 

CM 

cn 

sO 

H  . 

n- 

as 

•k 

•k 

a 

•k 

OO 

r*s 

st 

cn 

cn 

cn 

cn 

p4 

CM 

O  B 

0^0 


o  o  o 

O'  fO 


u 

u 

u?l 

o 

u 

o 

O 

il 

o 

% 

N 

r** 

c**. 

h- 

vC 

SO 

SO 

S0 

cn 

cn 

cn 

cn 

CM 

CM 

CM 

CM 

